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Impaired eye movements have a long history in schizophrenia research and meet the cri-
teria of a reliable biomarker. However, the effects of cognitive load and task difficulty on
saccadic latencies (SL) are less understood. Recent studies showed that SL are strongly
task dependent: SL are decreased in tasks with higher cognitive demand, and increased
in tasks with lower cognitive demand. The present study investigates SL modulation in
patients with schizophrenia and their first-degree relatives. A group of 13 patients suffer-
ing from ICD-10 schizophrenia, 10 first-degree relatives, and 24 control subjects performed
two different types of visual tasks: a color task and a Landolt ring orientation task. We used
video-based oculography to measure SL. We found that patients exhibited a similar unspe-
cific SL pattern in the two different tasks, whereas controls and relatives exhibited 20–26%
shorter average latencies in the orientation task (higher cognitive demand) compared to the
color task (lower cognitive demand). Also, classification performance using support vector
machines suggests that relatives should be assigned to the healthy controls and not to
the patient group. Therefore, visual processing of different content does not modulate SL
in patients with schizophrenia, but modulates SL in the relatives and healthy controls. The
results reflect a specific oculomotor attentional dysfunction in patients with schizophrenia
that is a potential state marker, possibly caused by impaired top-down disinhibition of the
superior colliculus by frontal/prefrontal areas such as the frontal eye fields.
Keywords: schizophrenia, relatives, eye movements, saccades, saccadic latencies, state marker
1. INTRODUCTION
Impaired eye movements are a well replicated finding in patients
with schizophrenia, for a review see Levy et al. (1994) and Tril-
lenberg et al. (2004). For example, scanpaths during exploratory
eye movements are spatially limited and contain fewer fixations
in patients with schizophrenia (Loughland et al., 2002; Minassian
et al., 2005; Bestelmeyer et al., 2006; Benson et al., 2007; Nishiura
et al., 2007; Takahashi et al., 2008; Suzuki et al., 2009; Elahipanah
et al., 2011; Delerue and Boucart, 2013; Sprenger et al., 2013).
When following a moving target, smooth-pursuit eye movements
are impaired (Schwartz et al., 1995; Nkam et al., 2001, 2010; Nagel
et al., 2012; Krishna et al., 2014). Further, more errors in antisac-
cade tasks were found (Fukushima et al., 1988; Petrovsky et al.,
2009; Dyckman et al., 2011; Cutsuridis et al., 2014). Exploratory
eye movements have been used as discriminator from controls,
from other neurotic disorders, or from mood disorders in large-
sample studies (Kojima et al., 2001; Suzuki et al., 2009; Benson
et al., 2012). Impaired eye movements were also found in high-
risk groups (Nieman et al., 2007; van Tricht et al., 2010), and
fist-degree relatives (Holzman et al., 1974; Thaker et al., 2000;
Radant et al., 2010; Kang et al., 2011; Aichert et al., 2013; Roberts
et al., 2013), and people with schizotypal personality (O’Driscoll
et al., 1998; Ettinger et al., 2005; Mitropoulou et al., 2011). Thus,
impaired eye movements have been suggested to be an endophe-
notype (Allen et al., 2009) and to be related to genetics (Ross
et al., 2002; Radant et al., 2010; Smyrnis et al., 2011), but not all
of the various oculomotor parameters fully meet the criteria for a
robust endophenotype (Calkins et al., 2008; Kallimani et al., 2009;
Mazhari et al., 2011); this is not surprising due to the fact that
they are associated with different cognitive processes and neural
circuits (e.g., smooth pursuit, fixations, saccades, anti-saccades).
Already at the beginning of an eye movement, top-down
processes can influence viewing behavior. Saccadic latency (SL)
is the delay time after stimulus onset until a saccade is performed,
due to the time required to program the motor command for a
consecutive saccade with a specific direction and amplitude; this
duration is usually around 200 ms. Studies of SL have shown that
a task with higher cognitive demand (i.e., identification vs. sim-
ple observation) can reduce SL (Trottier and Pratt, 2005; Guyader
et al., 2010). Shorter SL may be due to top-down disinhibition
of the superior colliculus (SC), potentially mediated by the direct
pathway connecting frontal/prefrontal cortex to the SC. However,
previous studies that investigated the effect of tasks with various
complexity on SL in patients with schizophrenia are sparse. In
our previous study, we investigated top-down SL modulation by
different visual tasks in schizophrenia and found impaired SL pat-
tern compared to healthy controls (Schwab et al., 2013). However,
familial association is an important criterion in the evaluation of
endophenotypes and requires to expand studies with a group of
first-degree relatives (Chen et al., 2006). Therefore, the purpose of
this paper is to investigate the modulation of SL by higher- and
lower-demand cognitive tasks in first-degree relatives and compare
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these data with SL pattern in healthy controls and patients with
schizophrenia to evaluate SL as potential trait or state marker. We
used two different visual tasks: color recognition (low demand)
and orientation recognition (higher demand) to study SL patterns.
2. MATERIALS AND METHODS
2.1. PARTICIPANTS
Ten first-degree relatives of patients with schizophrenia and 12
healthy controls underwent video-oculography during a visual
task. Data of 13 patients and 12 healthy controls were used from
a previous study (Schwab et al., 2013) and combined with the
newly acquired data, resulting in a total dataset of 13 patients, 10
first-degree relatives, and 24 healthy controls. For demographic
and clinical details, see Table 1. Patients either suffered from
schizophrenia (10 paranoid, F20.0; 1 hebephrenic, F20.1) or acute
polymorphic psychotic disorder (1 F23.0; 1 F23.1), according to
ICD-10. All patients were recruited from the University Hospital of
Psychiatry in Bern, Switzerland. First-degree relatives were unaf-
fected parents of patients with schizophrenia who were recruited
from a support group (Vereinigung der Angehörigen von Schiz-
ophreniekranken, VASK Bern). Healthy controls and first-degree
relatives were not on any medications and had no history of schiz-
ophrenia or psychotic disorders. None of the subjects had a history
of eye diseases, dichromacy, neurological diseases, diseases of the
cervical spine, or shoulder/neck pain. From the newly acquired
sample (controls and relatives), six subjects were excluded from
analysis (four due to bad data quality, one due to cervical spine
surgery, and one due to psychoactive medication). The study was
approved by the ethics committee (Kantonale Ethikkommission
Bern, No. 135/09). Written informed consent was obtained from
all participants prior to the examination according to the tenets of
the Declaration of Helsinki.
The groups significantly differed in age (see Table 1) because
relatives (parents) were older compared to the other two groups
Table 1 | Demographic and clinical information.
Patients with
schizophrenia
(n=13)
Healthy
controls
(n=24)
Relatives
(n=10)
Mean age (range) 33.8 (24–49) 37.9 (21–66) 62.3 (50–72)
Gender (male/female) 3/10 10/14 2/8
Mean years of education
(range)
12.4 (9–18) 16.6 (10–23) 14.1 (12–20)
Mean duration of illness (SD) 11.9 (8.8) n/a n/a
Mean CED (SD) 435 (424) n/a n/a
Mean MRS (SD) 2.5 (4.0) n/a n/a
Mean PANSS positive (SD) 16.3 (5.4) n/a n/a
Mean PANSS negative (SD) 11.1 (4.5) n/a n/a
Mean PANSS total (SD) 53.8 (15.0) n/a n/a
Median visual acuity (IQR) 1.0 (0.5–1.0) 1.00 (0.7–1.0) 0.95 (0.7–1.0)
SD, standard deviation; IQR, interquartile range; CED, chlorpromazine equiva-
lent dose; MRS, modified Roger’s scale; PANSS, positive and negative syndrome
scale; PANSS positive, positive symptoms subscale; PANSS negative, negative
symptoms subscale; PANSS total, sum of all subscales.
(F 2,44= 16.6, p< 0.001), but patient ages were not significantly
different from controls (Welch two-sample t -test: t 34,9= 1.03,
p= 0.31). The groups had no significant gender differences
(χ2= 2.17, df= 2, p= 0.34). The groups were significantly dif-
ferent in amount of education; most prominently, the control
group had four more years of education compared to patients
(F 2,44= 10.4, p< 0.001). Visual acuity was not significantly dif-
ferent between groups (Wilcoxon rank sum test; patients vs. con-
trols: W = 125, p= 0.48; patients vs. relatives: W = 56.5, p= 0.83;
controls vs. relatives: W = 131, p= 0.66).
Eleven patients were being treated with atypical antipsychotics
(usually risperidone or aripiprazole), one patient received both
atypical and typical antipsychotics, and one patient was not taking
any antipsychotic medication [chlorpromazine equivalent dosage
(CED) in Table 1]. Five patients were taking additional medica-
tions: One patient was taking antidepressants (SSRI), two were
taking both benzodiazepines and antidepressants (SSRI and tetra-
cyclic), three were taking mood-stabilizers (sodium valproate),
and one was taking an opioid. The positive and negative syndrome
scale (PANSS) and the modified Rogers scale (MRS) were used to
assess overall psychopathology (Table 1).
2.2. APPARATUS
Eye movements of the dominant eye were recorded with a video-
based infrared eye tracker (iView X HED-MHT, SMI, Germany) at
a sampling rate of 200 Hz and a spatial resolution of 0.5°–1°. Stim-
uli were presented using our own software, which was based on
PsychoPy (Peirce, 2008). Visual targets were presented in the cen-
ter and periphery of the subject’s visual field to induce a large
saccade. The visual targets were colored squares (red and yel-
low, 6 cm× 6 cm, 4.3° visual angle), Landolt rings (upward- or
downward-oriented, 6 cm× 6 cm, 4.3° visual angle). All targets
(central and peripheral) were presented at a viewing distance of
80 cm at individual eye height; peripheral targets at 55° in the left
and right periphery. Further details and methodological aspects
are described in our methods paper (Schwab et al., 2012).
2.3. PROCEDURE
First, visual acuity (Snellen chart), color vision (Ishihara test),
visual dominance (Porta test), and handedness (Edinburgh inven-
tory) were determined. All subjects were screened for eye diseases,
diseases of the cervical vertebrae, neck and shoulder pain, drug
abuse, and medication consumption. We used a peripheral recog-
nition task (Schwab et al., 2012) to invoke large saccades. In the
paradigm, a black fixation dot was presented. Then, the first tar-
get appeared in the same position, followed by a second target on
either the left or right side (50% probability of each; Figure 1A).
In the color task, we used color squares (red and yellow), and in
the Landolt orientation task, we used Landolt rings (up- or down-
ward orientation) as visual targets. The task was to determine
whether these two objects (first and second target) were identical
in terms of color (color squares) or orientation (Landolt rings).
The subjects were instructed to move their eyes and head natu-
rally as required and to make quick and accurate responses. In this
context, we could precisely record large gaze shifts with our eye-
head tracker consisting of both head and saccadic components,
but in this paper we only focused on the saccadic latency time. The
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FIGURE 1 | (A) Example of a Landolt trial and eye position data. When the
first target disappears and the second target appears, the eye changes in
horizontal position after a short delay, the saccadic latency (SL), which
usually is around 200 ms. The initial fixation (F1) is followed by a saccade (S)
and a subsequent fixation (F2) on the second target. (B) SL is shorter
during the Landolt task (L, higher cognitive demand) compared to the color
task (C, lower cognitive demand) in control subjects (26% decrease) and
first-degree relatives (20% decrease). In patients with schizophrenia, this
task difference is smaller (7% decrease), and also reached statistical
significance.
subjects pressed two buttons using their index (“Yes”) and mid-
dle (“No”) fingers of their dominant hands. In the experimental
session, each subject performed 16 training trials, followed by 96
experimental trials spread across 3 blocks (32 trials per block). The
trials involved color squares or Landolt rings (50% probability of
each). For each subject, the conditions were randomly ordered and
balanced within each block before the experiment started.
2.4. ANALYSIS
Based on our previous study (Schwab et al., 2013), we performed
a power analysis. Comparing the color with the Landolt task
(within-subject factor), we found a significant saccadic latency
reduction of 22.3% in the 12 healthy controls (color: 269± 36 ms;
Landolt 209± 23 ms; paired t -test: t 11= 5.8, p= 0.0001). The
effect size is large (Cohen’s d = 2), and a resulting power calcu-
lation based on this effect size, a significance level of 0.05, and a
sample size of 10 subjects would result in a power of 0.99. There-
fore, sample sizes of 10 and more subjects have sufficient statistical
power to find significant effects (paired t -test power calculation;
two-sided).
The data were preprocessed using our own custom MATLAB
toolbox (Schwab et al., 2012). Eye recordings were transformed to
visual angles (in degrees), low-pass filtered (750°/s), and smoothed
(moving average over 20 ms). Saccades were detected using a veloc-
ity threshold algorithm with 60°/s, and 15°/s used as the onset and
offset thresholds, respectively. SL values were then exported, and
all statistics were performed in R (http://www.r-project.org/).
In order to classify the subjects based on the SL, we used Sup-
port Vector Machines (SVM, R package “e1071”). We trained to
classify the subjects by using two values, the SL in the Landolt,
and the SL in the color task. We compared the following classi-
fication accuracies: (1) classification of patients vs. controls, (2)
classification of patients vs. relatives and controls, and (3) clas-
sification of patients and relatives vs. controls. In (1), we used
n= 13 patients and a random sampling of n= 13 healthy controls
(from a total of 24), in order to have equal group sizes. In (2), we
used n= 13 patients and a random sampling of n= 13 of healthy
controls and relatives (from a total of 34; 24 healthy controls and
10 relatives). In (3), we randomly sampled n= 13 patients and
relatives (from a total 23, 13 patients and 10 relatives) and we ran-
domly sampled n= 13 from the healthy controls (from a total of
24). Thus, our subsamples for the classification always contained
a total 26 subjects (n= 13 per group) for all the three classifica-
tion problems. We implemented leave-one-out-cross-validation,
i.e., out training set always contained 25 subjects, and 1 subject
was tested against the model prediction. This was implemented in
a Monte Carlo run with 5× 106 iterations for each of the three
classification problems, and mean specificity and sensitivity were
calculated.
3. RESULTS
Saccadic latencies (SL) in the different tasks (color and Lan-
dolt) were analyzed (Figures 1A,B). Patients had a small, sig-
nificant reduction of only 6.5% between the two tasks (color:
M = 248 ms, SD= 56 ms; Landolt: M = 232 ms, SD= 51 ms; two-
sided paired t -test: t 12= 2.19, p= 0.049; d = 0.3). Controls had
a large significant reduction of 26.2% in the Landolt task com-
pared to the color task (color: M = 261 ms, SD= 100 ms; Lan-
dolt: M = 193 ms, SD= 27 ms; two-sided paired t -test: t 23= 3.26,
p= 0.003; d = 0.9). First-degree relatives exhibited a large signif-
icant reduction of 19.5% in the Landolt task compared to the
color task (color: M = 221 ms, SD= 49 ms; Landolt: M = 178 ms,
SD= 30 ms; two-sided paired t -test: t 9= 3.58, p= 0.006; d = 1.1).
We calculated the saccadic latency differences (SLD) between
the tasks by subtracting the SL in the Landolt task from the SL in
the color task (Figure 2). Positive SLD values denote the extent
of SL reduction in the Landolt task. SLD was 16 ms for patients,
which was significantly shorter than controls (68 ms; Welch two-
sample t -test, t 28,3= 2.35, p= 0.013; d = 0.6) and relatives (43 ms;
Welch two-sample t -test, t 15,4= 1.90, p= 0.038; d = 0.8). There
was no significant difference between controls and relatives (Welch
two-sample t -test, t 31,8= 1.05, p= 0.15). In patients, there was no
correlation of SLD with their CED (r = 0.17, t 11= 0.56, p= 0.59).
We compared changes in SL variance in the Landolt task com-
pared to the color task (Figure 1B). Patients showed no signif-
icant change in the variance in the Landolt task (10% increase;
Levene’s test, F 1,24= 0.03, p= 0.86). Controls had significantly
smaller variance in the Landolt task (73% reduction; Levene’s test,
F 1,46= 4.44, p= 0.041). Relatives showed no significant change in
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FIGURE 2 | Patients with schizophrenia exhibit smaller saccadic
latency differences in the Landolt task (mean 16 ms) compared to
control subjects (68 ms) and first-degree relatives (43 ms).
the variance during the Landolt task (38% reduction; Levene’s test,
F 1,18= 1.46, p= 0.24).
Correct responses and response times were analyzed
(Figures 3A,B). On average, participants correctly responded in
95% of the trials. In patients and relatives, accuracy of responses
was lower in the Landolt compared to the color condition, but
this was not significant (Wilcoxon signed rank test; patients:
V = 70.5, p= 0.086; relatives: V = 39.5, p= 0.050). The Landolt
task produced longer response times across groups compared
to the color task (mean increase 22%). The patients exhibited
longer response times across tasks compared to the other groups
(mean increase 24%). Also, the relative increase of reaction time
in the Landolt task was larger in patients (28%) compared to
the other two groups (12%). These results were confirmed by
ANOVA (main effect group: F 2,44= 8.65, p< 0.001; main effect
task: F 1,44= 155, p< 0.001; interaction task× group: F 2,44= 7.01,
p= 0.002).
In the context that SL patterns may be useful for classification
of the subjects, we used SVM with leave-one-out-cross-validation
in a Monte Carlo experiment. We found that the SVM could clas-
sify the subjects (patients vs. relatives and healthy controls) with a
mean sensitivity of 61%, and a specificity of 62% (Figure 4). The
confusion matrix includes eight true positives, five false positives,
eight true negatives, and five false negatives. Taken together, 16
subjects (62%) were correctly classified in average, 10 were incor-
rectly classified (38%). Performing other classifications resulted
into lower accuracies: patients vs. healthy controls showed a mean
sensitivity of 57%, and a specificity of 53%, and patients and rela-
tives vs. healthy controls showed a mean sensitivity of 42%, and a
specificity of 40%.
We tested five patients, two who were taking benzodiazepines,
and three who were taking valproic acid for a potential medica-
tion effect of increased SL. During the color task, the five patients
taking the medication mentioned above had a mean SL of 239 ms
(SD= 56 ms), and the eight patients not taking this medication
had a mean SL of 255 ms (SD= 59 ms), which was not a significant
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FIGURE 3 | (A) Participants correctly responded in 95% of the trials (mean).
In patients and relatives, accuracy of responses was lower in the Landolt (L)
compared to the color condition (C), but there was only a trend toward
significance (patients: p=0.086; relatives: p= 0.050). (B) The Landolt task
produced longer response times across groups (p<0.001). The patients
exhibited longer response times across tasks (p< 0.001). Also, the relative
increase of reaction time in the Landolt task was larger in patients
compared to the other two groups (significant interaction of task×group;
p=0.002).
difference (Welch two-sample t -test: t 9= 0.49, p= 0.64). In the
Landolt task, the five patients taking the medication had a mean
SL of 226 ms (SD= 68 ms), and the eight patients not taking this
medication had a mean SL of 236 ms (SD= 42 ms), which was
not a significant difference (Welch two-sample t -test: t 5,9= 0.27,
p= 0.79).
In summary, the Landolt task caused (1) shorter SL and smaller
within-group variability in controls and first-degree relatives com-
pared to the patients, (2) longer response times consistently
across groups, and (3) a relatively larger increase in response
times of patients compared to the other two groups (interaction
group× task). Further, classification based on SL works better
merging the relatives and the controls and then classify into
patients vs. healthy controls/relatives compared to merging the
patients and relatives and then classy between patients and relatives
vs. healthy controls.
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FIGURE 4 | Single example of a Monte Carlo iteration of the support
vector machines (SVM) that classify between patients vs.
relatives/healthy controls. The classification had a mean sensitivity of
61%, and a mean specificity of 62% over 5×106 iterations. In each
iteration, we used 26 subjects (13 patients, 13 relatives/healthy controls)
and implemented a leave-one-out-cross-validation (training-set: n=25,
test-set: n=1). The single iteration above shows a radial kernel classifier
(pink and blue area) of the training set. This model classifies subjects within
the pink area as patients, and subjects within the blue area as
controls/relatives. Note that the pink area covers longer SL in the Landolt
task compared to the color task, and the blue area is associated with
shorter SL in the Landolt task compared to the color task.
4. DISCUSSION
It has been shown that SL are strongly task dependent: higher cog-
nitive demand causes shorter SL, while lower cognitive demand
causes longer SL (Trottier and Pratt, 2005; Guyader et al., 2010).
The present study demonstrates that SL modulation indeed fails in
patients with schizophrenia but not in first-degree relatives during
the two tasks of different cognitive demand. First-degree relatives
and controls showed shorter SL in the Landolt task, and longer
SL in the color task, consistent with previous findings (Trottier
and Pratt, 2005; Guyader et al., 2010). The lack of SL modulation
in patients may be caused by impaired top-down saccade gener-
ation in schizophrenia. Multiple brain areas are involved in the
accurate execution of saccadic eye movements, most importantly
the frontal eye field (FEF), which controls visual attention (Schall,
2004; Roux et al., 2014).
The fact that impaired SL modulation was not found in first-
degree relatives does not support SL as possible trait marker. We
found task-dependent modulation of SL in relatives and healthy
controls, but not to the same extent in the patients. Also, our
SVM classifier exhibited best accuracies during classification into
a patient vs. a merged relatives/healthy control group. Thus, our
data indicate impaired SL modulation may be a state marker,
but a potential relation to psychopathology has yet to be stud-
ied. To take full advantage of this, however, further investigations,
including longitudinal studies, will be required in order to relate
objective measures such as SL to treatment outcomes or psy-
chopathology scales (Walther et al., 2009). The results of this
study are consistence with the literature showing that not all
oculomotor parameters fully meet the criteria of an endopheno-
type, for example, antisaccade impairments (Levy et al., 2008). An
explanation is that the various impaired oculomotor parameters
in schizophrenia and the different experimental tasks (antisac-
cade, visual exploration, smooth pursuit, etc.) relate to different
neurocognitive deficits arising from different brain circuits. Scan-
path patterns likely relate to visual attention, fixations to visual
memory, and antissaccades and SL to the control of executive
and inhibitory frontal functions. Different parameters highlight a
specific aspect of visual behavior and oculomotor control and con-
tribute to the understanding of the underlying pathophysiology of
schizophrenia.
Variance of SL decreased in the Landolt task compared to the
color task, but this was only significant for the control group,
indicating that this group became more homogeneous in their
performance when faced with increased cognitive demand.
Performance data confirmed that the two tasks were of dif-
ferent cognitive demand. Landolt tasks produced fewer correct
responses and longer response times. A possible explanation is
that the Landolt orientation task required more foveal vision and
mental rotation, while the color condition required peripheral
vision during color detection. This is supported by larger saccade
amplitudes found in the Landolt task than in the color task in our
previous study (Schwab et al., 2013).
We now address some limitations of the study. First, most
patients were taking psychoactive medication, which can affect
oculomotor functions. For example, it was shown that atypi-
cal antipsychotic medication can impair performance in smooth
pursuit (Lencer et al., 2008). On the other hand, it was found
that antipsychotic medication can improve eye movement con-
trol (Burke and Reveley, 2002). Therefore, the overall effect of
atypical antipsychotics on eye movement performance is ambigu-
ous. Atypical antipsychotics have been suggested to even improve
oculomotor markers, but evidence is lacking (Schmechtig et al.,
2013). Three patients were taking valproic acid, and two were tak-
ing benzodiazepines, which was both associated with an increase of
saccadic latency (Reilly et al., 2008; Larrison et al., 2011). However,
the five patients who were taking valproic acid or benzodiazepines
had no increase in SL compared to the other patients. Also, we
observed that SL in patients were not generally increased com-
pared to controls, which argues against a general slowing effect
due to medication. Also, we could not find a correlation between
SL and CED. Thus, even though our data suggest that the effects
are not confounded by the type or the amount of medication,
impaired saccadic latencies modulation observed in patients can-
not be attributed to illness effects alone, thus the medication
influence has to be further studied.
Second, it is unclear whether our findings are specific to schiz-
ophrenia, since we have not studied another pathological group
(e.g., patients with mood disorders). Even though a recent review
concluded that findings concerning anxiety and mood disorders
have failed to support oculomotor impairments in these diseases
(Toh et al., 2011), abnormal eye movements, but not specifically
abnormal saccadic latencies, have been found in bipolar disor-
der (Bestelmeyer et al., 2006). In the context that symptoms and
the brain systems affected in different psychiatric conditions can
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overlap, it would be surprising to find abnormal eye movements
only in schizophrenia. Nevertheless, eye movements seem to be a
promising instrument for diagnosis and classification of patients
with schizophrenia (Benson et al., 2012), and eye movement
should in future studies be tested to classify different subtypes in
schizophrenia, similar as eye movement can distinguish subtypes
in Parkinson’s disease and dementia (Willard and Lueck, 2014).
The fact that the first-degree relatives are significantly older than
the other two groups is not a real limitation of the study as we
found significant saccadic latency modulation in the first-degree
relatives, likewise as the younger healthy controls. The elderly
group seems to perform as well as the younger healthy controls
in view of saccadic latency modulation. Therefore, we conclude
aging does not seem to affect saccadic latency adaption toward
different tasks.
SL modulation during tasks with lower and higher cognitive
demand is an important attentional feature to adapt to a chang-
ing environment by allowing the brain to save resources during
low demand and to optimize performance during higher demand.
The SL deficiencies found in patients with schizophrenia, but not
in first-degree relatives, may be a state marker associated to their
clinical condition. SL impairments may have their greatest impact
during times of concentration. In this way, oculomotor deficits,
may influence higher-order cognition (Butler and Javitt, 2005). For
example, they could lead to difficulties determining which stim-
uli are relevant in the situations of daily life that require higher
attentional resources.
AUTHOR CONTRIBUTIONS
SS and AA designed the experiments, MJ performed the exper-
iments, and SS analyzed the data. SS wrote the first draft of
the paper. All authors contributed to the final version and have
approved the final manuscript.
REFERENCES
Aichert, D. S., Derntl, B., Wöstmann, N. M., Gross, J. K., Dehning, S., Cerovecki, A.,
et al. (2013). Intact emotion-cognition interaction in schizophrenia patients and
first-degree relatives: evidence from an emotional antisaccade task. Brain Cogn.
82, 329–336. doi:10.1016/j.bandc.2013.05.007
Allen, A. J., Griss, M. E., Folley, B. S., Hawkins, K. A., and Pearlson, G. D. (2009).
Endophenotypes in schizophrenia: a selective review. Schizophr. Res. 109, 24–37.
doi:10.1016/j.schres.2009.01.016
Benson, P. J., Beedie, S. A., Shephard, E., Giegling, I., Rujescu, D., and St Clair,
D. (2012). Simple viewing tests can detect eye movement abnormalities that
distinguish schizophrenia cases from controls with exceptional accuracy. Biol.
Psychiatry 72, 716–724. doi:10.1016/j.biopsych.2012.04.019
Benson, P. J., Leonards, U., Lothian, R. M., St Clair, D. M., and Merlo, M. C. G.
(2007). Visual scan paths in first-episode schizophrenia and cannabis-induced
psychosis. J. Psychiatry Neurosci. 32, 267–274.
Bestelmeyer, P. E. G., Tatler, B. W., Phillips, L. H., Fraser, G., Benson, P. J., and
St Clair, D. (2006). Global visual scanning abnormalities in schizophrenia and
bipolar disorder. Schizophr. Res. 87, 212–222. doi:10.1016/j.schres.2006.06.015
Burke, J. G., and Reveley, M. A. (2002). Improved antisaccade performance with
risperidone in schizophrenia. J. Neurol. Neurosurg. Psychiatr. 72, 449–454.
doi:10.1136/jnnp.72.4.449
Butler, P. D., and Javitt, D. C. (2005). Early-stage visual processing deficits in schizo-
phrenia. Curr. Opin. Psychiatry 18, 151–157. doi:10.1097/00001504-200503000-
00008
Calkins, M. E., Iacono, W. G., and Ones, D. S. (2008). Eye movement dysfunction in
first-degree relatives of patients with schizophrenia: a meta-analytic evaluation
of candidate endophenotypes. Brain Cogn. 68, 436–461. doi:10.1016/j.bandc.
2008.09.001
Chen,Y., Bidwell, L. C., and Norton, D. (2006). Trait vs. state markers for schizophre-
nia: identification and characterization through visual processes. Curr. Psychiatry
Rev. 2, 431–438. doi:10.2174/157340006778699729
Cutsuridis,V., Kumari,V., and Ettinger, U. (2014). Antisaccade performance in schiz-
ophrenia: a neural model of decision making in the superior colliculus. Front.
Neurosci. 8:13. doi:10.3389/fnins.2014.00013
Delerue, C., and Boucart, M. (2013). Imagined motor action and eye movements in
schizophrenia. Front. Psychol. 4:426. doi:10.3389/fpsyg.2013.00426
Dyckman, K. A., Lee, A. K. C., Agam, Y., Vangel, M., Goff, D. C., Barton, J. J.
S., et al. (2011). Abnormally persistent fMRI activation during antisaccades in
schizophrenia: a neural correlate of perseveration? Schizophr. Res. 132, 62–68.
doi:10.1016/j.schres.2011.07.026
Elahipanah, A., Christensen, B. K., and Reingold, E. M. (2011). Attentional guidance
during visual search among patients with schizophrenia. Schizophr. Res. 131,
224–230. doi:10.1016/j.schres.2011.05.026
Ettinger, U., Kumari,V., Crawford, T. J., Flak,V., Sharma, T., Davis, R. E., et al. (2005).
Saccadic eye movements, schizotypy, and the role of neuroticism. Biol. Psychol.
68, 61–78. doi:10.1016/j.biopsycho.2004.03.014
Fukushima, J., Fukushima, K., Chiba, T., Tanaka, S., Yamashita, I., and Kato,
M. (1988). Disturbances of voluntary control of saccadic eye movements in
schizophrenic patients. Biol. Psychiatry 23, 670–677. doi:10.1016/0006-3223(88)
90050-9
Guyader, N., Malsert, J., and Marendaz, C. (2010). Having to identify a target
reduces latencies in prosaccades but not in antisaccades. Psychol. Res. 74, 12–20.
doi:10.1007/s00426-008-0218-7
Holzman, P. S., Proctor, L. R., Levy, D. L., Yasillo, N. J., Meltzer, H. Y., and
Hurt, S. W. (1974). Eye-tracking dysfunctions in schizophrenic patients and
their relatives. Arch. Gen. Psychiatry 31, 143–151. doi:10.1001/archpsyc.1974.
01760140005001
Kallimani, D., Theleritis, C., Evdokimidis, I., Stefanis, N. C., Chatzimanolis, I., and
Smyrnis, N. (2009). The effect of change in clinical state on eye movement dys-
function in schizophrenia. Eur. Psychiatry 24, 17–26. doi:10.1016/j.eurpsy.2008.
08.003
Kang, S. S., Dionisio, D. P., and Sponheim, S. R. (2011). Abnormal mechanisms
of antisaccade generation in schizophrenia patients and unaffected biological
relatives of schizophrenia patients. Psychophysiology 48, 350–361. doi:10.1111/j.
1469-8986.2010.01074.x
Kojima, T., Matsushima, E., Ohta, K., Toru, M., Han, Y. H., Shen, Y. C., et al. (2001).
Stability of exploratory eye movements as a marker of schizophrenia–a who
multi-center study. World Health Organization. Schizophr. Res. 52, 203–213.
doi:10.1016/S0920-9964(00)00181-X
Krishna, N., O’Neill, H., SÃnchez-Morla, E. M., and Thaker, G. K. (2014). Long
range frontal/posterior phase synchronization during remembered pursuit task
is impaired in schizophrenia. Schizophr. Res. 157, 198–203. doi:10.1016/j.schres.
2014.05.035
Larrison, A. L., Babin, S. L., Xing, Y., Patel, S. S., Wassef, A. A., and Sereno,
A. B. (2011). Effects of adjunct valproic acid on clinical symptoms and sac-
cadic eye movements in schizophrenia. Hum. Psychopharmacol. 26, 517–525.
doi:10.1002/hup.1236
Lencer, R., Sprenger, A., Harris, M. S. H., Reilly, J. L., Keshavan, M. S., and Sweeney,
J. A. (2008). Effects of second-generation antipsychotic medication on smooth
pursuit performance in antipsychotic-naive schizophrenia. Arch. Gen. Psychiatry
65, 1146–1154. doi:10.1001/archpsyc.65.10.1146
Levy, D. L., Bowman, E. A., Abel, L., Krastoshevsky, O., Krause, V., and Mendell,
N. R. (2008). Does performance on the standard antisaccade task meet the co-
familiality criterion for an endophenotype? Brain Cogn. 68, 462–475. doi:10.
1016/j.bandc.2008.08.027
Levy, D. L., Holzman, P. S., Matthysse, S., and Mendell, N. R. (1994). Eye tracking
and schizophrenia: a selective review. Schizophr. Bull. 20, 47–62. doi:10.1093/
schbul/20.1.47
Loughland, C. M., Williams, L. M., and Gordon, E. (2002). Visual scanpaths to
positive and negative facial emotions in an outpatient schizophrenia sample.
Schizophr. Res. 55, 159–170. doi:10.1016/S0920-9964(01)00186-4
Mazhari, S., Price, G., Dragovic´, M., Waters, F. A., Clissa, P., and Jablensky, A. (2011).
Revisiting the suitability of antisaccade performance as an endophenotype in
schizophrenia. Brain Cogn. 77, 223–230. doi:10.1016/j.bandc.2011.08.006
Frontiers in Behavioral Neuroscience www.frontiersin.org February 2015 | Volume 9 | Article 44 | 6
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Schwab et al. Saccadic latencies in schizophrenia and relatives
Minassian,A., Granholm, E.,Verney, S., and Perry,W. (2005).Visual scanning deficits
in schizophrenia and their relationship to executive functioning impairment.
Schizophr. Res. 74, 69–79. doi:10.1016/j.schres.2004.07.008
Mitropoulou, V., Friedman, L., Zegarelli, G., Wajnberg, S., Meshberg, J., Silverman, J.
M., et al. (2011). Eye tracking performance and the boundaries of the schizophre-
nia spectrum. Psychiatry Res. 186, 18–22. doi:10.1016/j.psychres.2010.08.004
Nagel, M., Sprenger, A., Steinlechner, S., Binkofski, F., and Lencer, R. (2012). Altered
velocity processing in schizophrenia during pursuit eye tracking. PLoS ONE
7:e38494. doi:10.1371/journal.pone.0038494
Nieman, D., Becker, H., van de Fliert, R., Plat, N., Bour, L., Koelman, H., et al. (2007).
Antisaccade task performance in patients at ultra high risk for developing psy-
chosis. Schizophr. Res. 95, 54–60. doi:10.1016/j.schres.2007.06.022
Nishiura, S., Morita, K., Kurakake, K., Igimi, H., and Maeda, H. (2007). Charac-
teristics of left and right scanning in schizophrenia patients using exploratory
eye movements: comparison with healthy subjects. Psychiatry Clin. Neurosci. 61,
487–494. doi:10.1111/j.1440-1819.2007.01697.x
Nkam, I., Bocca, M.-L., Denise, P., Paoletti, X., Dollfus, S., Levillain, D., et al. (2010).
Impaired smooth pursuit in schizophrenia results from prediction impairment
only. Biol. Psychiatry 67, 992–997. doi:10.1016/j.biopsych.2009.11.029
Nkam, I., Thibaut, F., Denise, P., Van Der Elst, A., Ségard, L., Brazo, P., et al. (2001).
Saccadic and smooth-pursuit eye movements in deficit and non-deficit schizo-
phrenia. Schizophr. Res. 48, 145–153. doi:10.1016/S0920-9964(99)00165-6
O’Driscoll, G. A., Lenzenweger, M. F., and Holzman, P. S. (1998). Antisaccades and
smooth pursuit eye tracking and schizotypy. Arch. Gen. Psychiatry 55, 837–843.
doi:10.1001/archpsyc.55.9.837
Peirce, J. W. (2008). Generating stimuli for neuroscience using PsychoPy. Front.
Neuroinform. 2:10. doi:10.3389/neuro.11.010.2008
Petrovsky, N., Weiss-Motz, F., Schulze-Rauschenbach, S., Lemke, M., Hornung, P.,
Ruhrmann, S., et al. (2009). Antisaccade performance is related to genetic load-
ing for schizophrenia. J. Psychiatr. Res. 43, 291–297. doi:10.1016/j.jpsychires.
2008.05.005
Radant, A. D., Dobie, D. J., Calkins, M. E., Olincy, A., Braff, D. L., Cadenhead, K.
S., et al. (2010). Antisaccade performance in schizophrenia patients, their first-
degree biological relatives, and community comparison subjects: data from the
cogs study. Psychophysiology 47, 846–856. doi:10.1111/j.1469-8986.2010.01004.x
Reilly, J. L., Lencer, R., Bishop, J. R., Keedy, S., and Sweeney, J. A. (2008). Pharma-
cological treatment effects on eye movement control. Brain Cogn. 68, 415–435.
doi:10.1016/j.bandc.2008.08.026
Roberts, E. O., Proudlock, F. A., Martin, K., Reveley, M. A., Al-Uzri, M., and Got-
tlob, I. (2013). Reading in schizophrenic subjects and their nonsymptomatic
first-degree relatives. Schizophr. Bull. 39, 896–907. doi:10.1093/schbul/sbr191
Ross, R. G., Olincy, A., Mikulich, S. K., Radant, A. D., Harris, J. G., Waldo, M.,
et al. (2002). Admixture analysis of smooth pursuit eye movements in probands
with schizophrenia and their relatives suggests gain and leading saccades are
potential endophenotypes. Psychophysiology 39, 809–819. doi:10.1111/1469-
8986.3960809
Roux, P., Forgeot d’Arc, B., Passerieux, C., and Ramus, F. (2014). Is the the-
ory of mind deficit observed in visual paradigms in schizophrenia explained
by an impaired attention toward gaze orientation? Schizophr. Res. 157, 78–83.
doi:10.1016/j.schres.2014.04.031
Schall, J. D. (2004). On the role of frontal eye field in guiding attention and saccades.
Vision Res. 44, 1453–1467. doi:10.1016/j.visres.2003.10.025
Schmechtig, A., Lees, J., Perkins, A., Altavilla, A., Craig, K. J., Dawson, G. R., et al.
(2013). The effects of ketamine and risperidone on eye movement control in
healthy volunteers. Transl. Psychiatry 3, e334. doi:10.1038/tp.2013.109
Schwab, S., Würmle, O., and Altorfer, A. (2012). Analysis of eye and head coordina-
tion in a visual peripheral recognition task. J. Eye Mov. Res. 5, 1–9.
Schwab, S., Würmle, O., Razavi, N., Müri, R. M., and Altorfer, A. (2013). Eye-head
coordination abnormalities in schizophrenia. PLoS ONE 8:e74845. doi:10.1371/
journal.pone.0074845
Schwartz, B. D., O’Brien, B. A., Evans, W. J., Sautter, F. Jr., and Winstead, D. K.
(1995). Smooth pursuit eye movement differences between familial and non-
familial schizophrenia. Schizophr. Res. 17, 211–219. doi:10.1016/0920-9964(94)
00089-Q
Smyrnis, N., Kattoulas, E., Stefanis, N. C., Avramopoulos, D., Stefanis, C. N., and
Evdokimidis, I. (2011). Schizophrenia-related neuregulin-1 single-nucleotide
polymorphisms lead to deficient smooth eye pursuit in a large sample of young
men. Schizophr. Bull. 37, 822–831. doi:10.1093/schbul/sbp150
Sprenger, A., Friedrich, M., Nagel, M., Schmidt, C. S., Moritz, S., and Lencer, R.
(2013). Advanced analysis of free visual exploration patterns in schizophrenia.
Front. Psychol. 4:737. doi:10.3389/fpsyg.2013.00737
Suzuki, M., Takahashi, S., Matsushima, E., Tsunoda, M., Kurachi, M., Okada, T., et al.
(2009). Exploratory eye movement dysfunction as a discriminator for schizo-
phrenia: a large sample study using a newly developed digital computerizedsys-
tem. Eur. Arch. Psychiatry Clin. Neurosci. 259, 186–194. doi:10.1007/s00406-008-
0850-7
Takahashi, S., Tanabe, E., Yara, K., Matsuura, M., Matsushima, E., and Kojima, T.
(2008). Impairment of exploratory eye movement in schizophrenia patients and
their siblings. Psychiatry Clin. Neurosci. 62, 487–493. doi:10.1111/j.1440-1819.
2008.01840.x
Thaker, G. K., Ross, D. E., Cassady, S. L., Adami, H. M., Medoff, D. R., and
Sherr, J. (2000). Saccadic eye movement abnormalities in relatives of patients
with schizophrenia. Schizophr. Res. 45, 235–244. doi:10.1016/S0920-9964(99)
00193-0
Toh, W. L., Rossell, S. L., and Castle, D. J. (2011). Current visual scanpath research: a
review of investigations into the psychotic, anxiety, and mood disorders. Compr.
Psychiatry 52, 567–579. doi:10.1016/j.comppsych.2010.12.005
Trillenberg, P., Lencer, R., and Heide, W. (2004). Eye movements and
psychiatric disease. Curr. Opin. Neurol. 17, 43–47. doi:10.1097/00019052-
200402000-00008
Trottier, L., and Pratt, J. (2005). Visual processing of targets can reduce saccadic
latencies. Vision Res. 45, 1349–1354. doi:10.1016/j.visres.2004.12.007
van Tricht, M. J., Nieman, D. H., Bour, L. J., Boerée, T., Koelman, J. H. T. M., de Haan,
L., et al. (2010). Increased saccadic rate during smooth pursuit eye movements
in patients at ultra high risk for developing a psychosis. Brain Cogn. 73, 215–221.
doi:10.1016/j.bandc.2010.05.005
Walther, S., Koschorke, P., Horn, H., and Strik, W. (2009). Objectively measured
motor activity in schizophrenia challenges the validity of expert ratings. Psychi-
atry Res. 169, 187–190. doi:10.1016/j.psychres.2008.06.020
Willard, A., and Lueck, C. J. (2014). Ocular motor disorders. Curr. Opin. Neurol. 27,
75–82. doi:10.1097/WCO.0000000000000054
Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 16 December 2014; accepted: 06 February 2015; published online: 24 February
2015.
Citation: Schwab S, Jost M and Altorfer A (2015) Impaired top-down modulation of
saccadic latencies in patients with schizophrenia but not in first-degree relatives. Front.
Behav. Neurosci. 9:44. doi: 10.3389/fnbeh.2015.00044
This article was submitted to the journal Frontiers in Behavioral Neuroscience.
Copyright © 2015 Schwab, Jost and Altorfer . This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, dis-
tribution or reproduction in other forums is permitted, provided the original author(s)
or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.
Frontiers in Behavioral Neuroscience www.frontiersin.org February 2015 | Volume 9 | Article 44 | 7
